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ABSTRACT
Purpose: The purpose of this study was to examine the effects of static and
proprioceptive neuromuscular facilitation (PNF) stretching of shoulder internal rotators
on throwing velocity as compared to a typical dynamic warm-up.
Subjects: 27 male untrained throwers (mean age = 25.1 years old, SD =2.4) with basic
knowledge of throwing mechanics.
Methods: The study was conducted over a series of three sessions with at least one week
between each session. During each session, subjects warmed-up, threw 10 pitches, were
randomly assigned to one of three separate stretching protocols, and then threw 10 more
pitches. The three protocols were static stretching, PNF stretching, and a control where
no stretching was performed. Velocities were recorded after each pitch using a Bushnell
Velocity Radar Gun and average and peak velocities were recorded after each session.
Results: Data were analyzed using a 2x3 within factorial ANOVA. There was no
significant interaction between stretching and throwing velocity. Main effects for average
and peak throwing velocity were not statistically significant. Main effects for the
stretching groups were statistically significant. Pearson product moment correlations
were used to examine three relationships: 1) throwing velocity and external rotation (ER),
2) years of experience and ER, 3) years of experience and peak and average throwing
velocities. The first two relationships were not significant. The relationship between
years of experience and peak and average velocities was statistically significant.
Discussion: Results suggest that neither static nor a PNF stretching protocol focusing on
increasing ER with no delay before throwing had a significant effect on throwing velocity
in untrained throwers. Results may reflect the fact that throwing a baseball requires a
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complex neuromuscular pattern. The lack of training in the subjects could have affected
the throwing velocity more than a specific stretching protocol. The motor learning needed
for the complex task of throwing a baseball could have masked the effects of the
stretching protocols.
Conclusions: Results of previous research on upper extremity stretching and its effects
on throwing velocity has conflicting results. Further research should be performed in this
area using a trained population in overhand pitching and with the use of an objective
measure rather than a subjective measure for regulating stretch intensity.
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INTRODUCTION
Baseball throwers commonly use stretching to prepare for and improve throwing
performance. Performance can be measured in several ways, but one of the most common
is throwing velocity. Stretching has long been associated with a typical warm-up for
most athletes. Benefits from stretching are thought to include increased range of motion
(ROM) and increased flexibility.1 The neuromuscular mechanisms that may be associated
with these effects include reflex inhibition of the Golgi tendon organ (GTO) and
lengthening of the musculotendinous unit1 (MTU) which ultimately is believed to
increase overall performance in a desired sport or activity, including throwing. However,
research has consistently shown that in lower extremity activities that rely on quick bursts
of power, stretching has been shown to negatively affect muscle strength and power
output immediately after the stretch.2-4 Researchers have shown that the observed
decrease in power output is most likely due to a decrease in stiffness of the MTU. This
results in a decreased ability of the muscle to generate force.2
Little research has been conducted investigating whether these effects would also
be observed in the upper extremity. One study, conducted by Haag et al5 analyzed the
effects of an upper extremity stretching protocol on throwing velocity. This study’s
stretching protocol consisted of six static stretches performed in the directions of
horizontal adduction, horizontal abduction, external rotation (ER), internal rotation (IR),
flexion, and extension. The muscles involved in these motions were chosen because they
are active in at least one point of the throwing motion. When compared to the control
group, which consisted of a team warm-up without stretching, no difference in throwing
velocity was found.5 This study focused on increasing the overall ROM of the shoulder.
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However, based upon results from electromyography (EMG) studies, the internal rotators
are the primary muscles involved in generating power during the throwing motion.6,7
Therefore, a more targeted stretch to the internal rotators would be more appropriate to
investigate the effects of stretching on throwing velocity. The authors of this study also
limited their protocol to static stretching even though athletes may utilize several other
stretching techniques.5 By including other techniques, such as proprioceptive
neuromuscular facilitation (PNF) it may be determined if one technique is more effective
than another.
Currently, athletes use several techniques of stretching. The most popular of these
techniques are static stretching and PNF stretching. Static stretching generally consists of
slowly and passively stretching the muscle to a new length. In general the muscle is
stretched to the point where tension limits further movement of the muscle. The stretch is
then held for a given period of time. In athletes, a thirty-second stretch is most often
used.8,9 PNF stretching is popular in sports and focuses on using voluntary muscle
contractions to increase ROM by minimizing the resistance of the spinal reflex
pathway.10 The common types of PNF techniques include: contract-relax, contract-relax
with agonist contraction, hold-relax, and slow-reversal-hold relax.11 Studies have shown
conflicting evidence about which stretching technique is best. Wilford et al12 found there
to be no difference between PNF and static stretching on hip flexibility. However, Funk
et al13 found PNF was better at improving acute hamstring flexibility compared to static
stretching.
When implementing a stretching program for throwers, it is important to
understand the biomechanics of throwing so that the correct musculature can be targeted.
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The throwing motion can be broken down into three distinct phases: cocking,
acceleration, and follow-through. The cocking phase consists of the wind-up to maximum
ER. The acceleration phase begins with maximum ER to the moment of ball release. An
increase in maximal ER at this point is correlated with an increase in throwing velocity.14
The follow-through phase starts with ball release and ends with the termination of the
throw.15 EMG studies have been conducted on the throwing shoulder to ascertain the
muscle activation patterns associated with each phase of throwing. Jobe et al6 found that
the latissimus dorsi and pectoralis major are most active during the initiation of IR.
Another study by Escamilla et al7 found the subscapularis and serratus anterior are also
involved. These studies demonstrate that these muscles are primarily responsible for
accelerating the arm through the acceleration phase. By focusing stretches on these
muscles, a change in throwing velocity could be expected due to changes in the MTU.
The purpose of this study was to examine the effects of static and PNF stretching
of the internal rotators on throwing velocity as compared to a typical dynamic warm-up.
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METHODS
A repeated measures study was conducted to determine the effects of PNF and
static stretching on throwing velocity. Random assignment was used to determine the
order of the stretching conditions for each participant. Subjects participated in three
separate test days with at least one week in between each session. This was done to wash
out any effects of the previous stretching protocol.
Sample. The sample consisted of 27 untrained males between the ages of 20-29
who demonstrated a basic knowledge of proper throwing mechanics (see Table 1).
Subjects were excluded from the study if they had significant pain or injury in their
throwing upper extremity, or if they were in a rehabilitation program for a previous injury
while the study was being conducted. All subjects gave informed consent as approved by
University of Nevada, Las Vegas Institutional Review Board.1
Procedures. Each subject participated in three sessions, each with a

	
  

different stretching protocol. The order of the protocols was randomly assigned
for each subject. At the beginning of each protocol, subjects completed a
dynamic warm-up that included a light jog of 400 to 600 feet and playing catch for 10 to
15 minutes. The warm-up was concluded when the subject felt comfortable to participate
in throwing at maximal velocity. Participants were instructed not to include any
stretching as part of their warm-up. After their warm-up, each subject was moved to the
bullpen of the baseball field, where they threw from the mound, which was 60 feet away
from the person catching the ball, and was instructed to throw 10 overhand pitches at
their maximum velocity. The subject then received one of the three stretching protocols.
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Ten more pitches thrown at maximum velocity followed the stretching protocols.
Velocity was measured with each pitch. Average and peak velocities of the 10 pitches
were calculated and used for comparison between the different stretching protocols (See
Figure 1).
Stretching protocols focused on increasing the range of ER in the shoulder by
stretching the internal rotator muscle group. Based on prior EMG studies, the muscles
included were pectoralis major, latissimus dorsi, and subscapularis.6,7 Although the
serratus anterior has been shown to be active during the acceleration phase, stretches
specific to the muscle were not included due to the difficulty to stretch it, as well as its
primary role as a scapular stabilizer rather than an internal rotator (See Figure 2). The
pectoralis major muscle was stretched with the subject lying prone on the treatment table,
with the throwing shoulder abducted to 90 degrees and externally rotated with the elbow
bent to 90 degrees. The examiner stood on the side being stretched and asked the subject
to lift his arm off the table towards the sky while the examiner assisted in reaching end
range of motion (See Figure 3). To ensure the quality of the stretch, the examiner made
sure the subject’s sternum remained on the table and the forearm remained horizontal.
The latissimus dorsi muscle was stretched in a side-lying position on the side opposite to
the throwing shoulder, with his shoulder abducted behind the head with the elbow bent.
The knees were bent for comfort and stability. The examiner stands behind the subject
and places one hand on the hip and one on the elbow while pushing the elbow into the
table. The subscapularis muscle was stretched with the subject lying supine, the throwing
shoulder abducted to 90 degrees and the elbow flexed to 90 degrees with the shoulder
externally rotated as far as possible. These stretches were adapted from McAtee et al.16
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In the static stretching protocol, the stretches were held for 30 seconds at end
range and repeated three times with 20 seconds of rest in between each stretch. The PNF
stretching protocol utilized the contract-relax technique in which the subject was
stretched to end range for 5 seconds, they contracted against the examiner for 5 seconds,
and stretched to end range again for 20 seconds. The PNF stretches were conducted 3
times with 20 seconds in between each stretch. Total stretching time on each day was
about 8 minutes. The same examiner performed the stretching protocols each time to
ensure reliability of the stretches. The control protocol involved no stretching with the
subject sitting on the stretching table and waited 8 minutes before throwing again.
Instrumentation. Velocity was measured using a Bushnell Velocity Speed gun.2
It has been shown to measure the velocity of a baseball from up to 90 feet away and +/1.0 mile per hour.17 The examiner operating the radar gun was trained on its proper use to
ensure accuracy. The radar gun operator was standing behind and 1 to 2 feet to the right
of the person catching the ball.
Statistical Analysis. The collected data was then analyzed using SPSS version
19.0.3
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3
	
  SPSS	
  Inc,	
  Chicago,	
  Illinois.	
  
	
  

6	
  

RESULTS
A 2x3 within-subjects factorial ANOVA was conducted to determine the effect of
stretching on throwing velocity. Because no statistical interaction was found for average
throwing velocity (F(2, 50)=0.534, p=0.589) or peak throwing velocity (F(2,50)=0.058,
p=0.944), main effects were analyzed for both (see Tables 2 and 3, Figures 4 and 5).
When analyzing average throwing velocity, the main effect of time was not statistically
significant (F(1,25)=3.075, p=0.092). However, the main effect for the stretching groups
was statistically significant (F(2,50)=5.267, p=0.008). This was due to the fact that when
subjects were randomly assigned to the control group, they tended to throw faster both
before and after the stretching protocol. This finding is irrelevant due to the random
assignment of subjects and the fact that each subject participated in each condition.
Similarly, when analyzing peak throwing velocity, the main effect for time was not
statistically significant (F(1,25)=0.065, p=0.800), but the main effect for the stretching
groups was statistically significant (F(2,50)=4.342, p=0.018). Just as with average
throwing velocity, this finding is irrelevant due to the random assignment of stretching
conditions for each subject and that all subjects completed all stretching conditions.
Pearson product moment correlation (r) was used to determine if a statistically
significant relationship existed between ER range of motion and throwing velocity. No
statistically significant relationship was found between any of the velocities and the
measured ER of the participants (See Table 4). Pearson product moment correlation was
also used to determine if a statistically significant relationship existed between years of
experience and ER. No statistically significant relationship was found, r=0.216, p=0.279,
r2=0.047. Lastly, Pearson product moment correlation was used to determine if there was
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a statistically significant relationship between years of experience and both peak and
average throwing velocities. There was a statistically significant relationship between
experience and all peak velocities, and between experience and all average velocities. All
of these correlations were significant (See Figures 6 and 7). This indicates that those who
had more experience with throwing tended to throw faster than those who had less
experience.
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DISCUSSION
The results of this study suggest that neither a static nor a PNF stretching protocol
designed to increase external rotation had a significant effect on throwing velocity in
untrained throwers. This finding is contrary to the hypothesis that a stretching protocol
focusing on the internal rotators of the shoulder would have an effect on throwing
velocity since the internal rotators are the muscles primarily responsible for power
production while throwing. The results also suggested that there was no relationship
between those individuals who threw the fastest and an increase in ER range of motion of
the throwing shoulder. However, there was a strong correlation between throwing
velocity and years of experience.
The finding that stretching prior to throwing had no immediate effect on throwing
velocity is inconsistent with previous research conducted on lower extremity activities
such as jumping and sprinting2-4. The decrease in performance observed in these previous
studies has been attributed to the effects of stretching on the MTU. Two main theories
have been suggested as possible mechanisms for this reduction in performance.11 The
first proposed by Wilson et al18, suggests that a stiff MTU is able to produce more force
than a lengthened MTU due to improved contractile component length and rate of
shortening. A second proposed theory, states that stretching can reduce muscle
performance due to autogenic or reflex inhibition.19 Autogenic inhibition is a spinal
reflex resulting from stimulation of the GTO due to an increase in muscle tension. Once
stimulated, the GTO causes inhibition of homonymous motor neurons. These effects can
last for up to one hour.19
There are fewer studies and conflicting evidence regarding stretching and its
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effect on upper extremity muscle performance. One study analyzing the effects of static
stretching of the biceps brachii found a decrease in torque and mechanomyography
during concentric muscle contractions after a static stretch when compared to a control
group that did not stretch. Mechanomyography refers to an observable signal from the
surface of a contracted muscle.20 On the other hand, a study performed by Torres et al21
found that neither a static nor a dynamic stretching protocol had any effect on a one
repetition max bench press, an isometric bench press, an overhead medicine ball throw,
or a lateral medicine ball throw. However, researchers hypothesized that this was most
likely due to the five minutes of rest between application of the stretches and the
performance measures. This study also utilized two 15-second stretches during their
treatment. It is possible that this amount of stretching was not sufficient to produce the
necessary changes in the musculotendinous unit to cause a decrease in force production.21
Haag et al5 conducted a study examining the effects of static stretching on
throwing velocity. The stretching protocol performed in their study focused on improving
ROM in all directions rather than targeting the specific musculature responsible for
accelerating the upper extremity throughout the throwing motion. Each of their six
stretches was performed for 30 seconds and stretching was followed by 5-10 minutes of
rest, which was designed to replicate the amount of time a pitcher generally has between
warming up and the beginning of the game.5 The results of the Haag et al5 study indicated
that there was no difference in throwing velocity after static stretching and the
researchers concluded that stretching had no significant effects on throwing velocity.
They attributed this mostly to the fact that any acute effects of stretching would be
washed out by the period of rest between stretching and throwing.5 Although, the Haag et
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al5 study was of sound quality, a stronger study design may have been to focus on
stretching the muscles responsible for providing power during a throw and eliminating
the rest time after stretching. By doing this, the acute effects of stretching on upper
extremity muscle performance during throwing could be better analyzed.
The present study was designed to focus on the acute effects of stretching on
throwing velocity by eliminating stretches on other musculature and by having the
subjects throw immediately after being stretched. The rest time in the current study was
less than one minute in most cases. Even by focusing the stretching protocol on the
internal rotators and eliminating a rest period, no significant differences were observed in
throwing velocity. The results of this study are consistent with the conclusions in Haag et
al5 and Torres et al21 that suggest stretching before upper extremity activity is not harmful
to the participant and does not decrease performance in various upper extremity
activities. Specifically, in the current study stretching immediately before throwing was
not detrimental to the velocity of the throw nor did it cause harm to the participant.
Therefore, baseball throwers can include stretching of the shoulder internal rotators
without decreasing throwing velocity.
There are several possible explanations that no decrease in throwing velocity was
observed in this study. First, throwing a baseball relies on complex neuromuscular
patterns.22-24 Current research suggests that skills, which require complex neuromuscular
patterns to complete, may not be affected by stretching. This was observed in a study
conducted by Young et al25 in which they examined the effects of stretching the hip
flexors and quadriceps on foot speed when kicking a football in a group of 16 Australian
Rules football players. Despite the quadriceps and hip flexors being the musculature
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primarily responsible for accelerating the leg during the kick, there was no statistically
significant difference observed in foot speed. The researchers attributed this lack of
difference to the complexity of the neuromuscular pattern required to kick a football.25
Likewise, in the current study, the complex task of throwing a baseball was not affected
by stretching the musculature responsible for accelerating the arm throughout the throw.
If neuromuscular changes were to be observed, a stretch of 30 seconds should
have been sufficient to produce measureable changes. Previous researchers have most
often utilized a 30 second stretch. Research has consistently shown that ROM benefits are
similar for 15, 30, 45, and 120 second stretches.26,27 Changes in force production have
also been observed following stretches of 30 seconds.28-31 In the current study, three
stretches held for 30 seconds each should have been sufficient duration to produce a
change in force production that would have led to a change in velocity. The stretches
utilized also should have been intense enough to produce changes in force production. In
the majority of studies, the desired intensity of the stretching protocol was to the point of
discomfort, just short of pain.2,5,8,32-35 The current study used this guideline to direct the
intensity of the stretches to the internal rotators. Even though discomfort and pain are
subjective measures, and vary with each subject and stretching intensity may not have
been uniform for all participants it should have been of sufficient intensity to elicit the
desired neuromuscular effects.
Limitations. The study used an untrained population of throwers. On average,
subjects had 0-5 years of throwing experience. For a skilled task such as throwing, this
lack of experience may have affected throwing velocity more than a specific stretching
protocol would have. When first learning or mastering a new motor skill, individuals tend
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to coactivate many muscles simultaneously. This inefficient contraction improves with
practice until only the necessary musculature is utilized.36 As the task is mastered,
performance is improved.36 It is possible that these motor-learning effects could have
masked any effects elicited by the stretching protocols.
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CONCLUSION
The primary result of this study was that neither a static nor a PNF stretching
protocol of the shoulder internal rotators had any significant effect on an untrained
thrower’s pitching velocity. This finding indicates that throwers can include stretching of
the internal rotators during their warm-ups without any detrimental effects on throwing
velocity. Further research in this area should focus on a population that performs
overhand pitching at an amateur or professional level. This will help to eliminate any
effects of motor learning that might influence the results.
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APPENDIX A – TABLES
Table 1. Descriptive information for the study sample.
Number of Participants

27

Avg. Age

25.1 years old (SD = 2.4)

Avg. Height

70.9 inches (SD = 2.1)

Avg. Weight

191.3 pounds (SD = 39.5)

Avg. External Rotation

99.1 degrees (SD = 12.3)

Avg. Years of Experience

0-5 years (SD = 1.4)
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Table 2. Means and standard deviations for average
velocity in each testing condition.
Average Velocity (mph) Mean
Standard Deviation
Pre-Static Stretch

57.4

10.869

Post-Static Stretch

56.3

10.840

Pre-PNF Stretch

57.3

10.855

Post-PNF Stretch

56.4

10.631

Pre-No Stretch

58.1

10.589

Post- No Stretch

57.4

10.389
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Table 3. Means and standard deviations for peak
velocity in each testing condition.
Peak Velocity (mph)
Mean
Standard Deviation
Pre-Static Stretch

60.6

10.725

Post-Static Stretch

59.7

10.469

Pre-PNF Stretch

60.5

10.449

Post-PNF Stretch

59.8

10.141

Pre-No Stretch

61.4

10.747

Post- No Stretch

61.0

10.616
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.217

.372

.197

PostNo
Stretch
Avg

.122

.278

Pre –
No
Stretch
Avg

.181

.546

PostNo
Stretch
Peak

.197

.367

Pre –
No
Stretch
Peak

.241

.325

PostPNF
Avg

.194

.226

Pre –
PNF
Avg

.216

.333

PostPNF
Peak

.158

.280

Pre –
PNF
Peak

.175

.432

PostStatic
Avg

.138

.382

Pre –
Static
Avg

.165

.492

PostStatic
Peak

.403

PreStatic
Peak

Table 4. (r) and (p) values for the relationship between external rotation and throwing velocities.

Pearson
Correlation (r)
p-value

18	
  

	
  

APPENDIX B – FIGURES
Figure 1. Each session was conducted according to the following flowchart.
Subjects were randomly assigned to a stretching condition each time. The procedure
was repeated over three different testing days until the subject completed all
stretching conditions. Peak and average velocities were recorded each time.

Informed	
  
Consent	
  
N=27	
  

Dynamic	
  Warm-‐Up	
  

Threw	
  10	
  pitches	
  

Static	
  

PNF	
  

Threw	
  10	
  pitches	
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No	
  Stretch	
  

Figure 2. Illustration of the muscles targeted by the stretching protocols. Left to
right: latissimus dorsi, pectoralis major, subscapularis, serratus anterior
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Figure 3. Demonstration of each stretch included in the stretching protocol. Left to
right: pectoralis major stretch, latissimus dorsi stretch, subscapularis stretch.
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Figure 4. No statistically significant interaction was noted between stretching
condition and average velocity, p=0.589.
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Figure 5. No statistically significant interaction was noted between stretching
condition and peak velocity, p=0.944.
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Figure 6. The relationship between average velocity (regardless of stretching
condition) and years of experience. 0 = No experience, 1 = 1-5 years of experience, 2
= 6-10 years of experience, 3 = 11-15 years of experience, 4 = 15+ years of
experience.
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Figure 7. The relationship between peak velocity (regardless of stretching condition)
and years of experience.0 = No experience, 1 = 1-5 years of experience, 2 = 6-10
years of experience, 3 = 11-15 years of experience, 4 = 15+ years of experience.
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